Abstract-In supplier selection decisions two issues are of particular significance. One is what criteria should be used and other, what methods can be used to compare suppliers. In real world, the criteria, constraints for supplier selection process are subjective in nature and with an emerging application of internet and tether-free communication technologies; e-intelligence is forcing companies to shift their manufacturing operations rapidly from the traditional factoryintegration philosophy to e-manufacturing philosophy. Thus researchers and managers of firms should see the need to evaluate the fitness of supplier selection criteria and methods when applied to newly created enterprises to ensure effective and profitable exploitation of market opportunities. Hence in the current research It is proposed to investigate the criteria to be considered and methods for prioritization best Internet Service Providers (ISPs) for e-manufacturing. The proposed model is to be tested with correlation test as well as hypothesis test to see the validation of the proposed methodology.
INTRODUCTION
For the past decade, the impact of web-based technologies added velocity to the design, manufacturing, and aftermarket service of a product. Today's competition in manufacturing industry depends not just on lean manufacturing, but also on the ability to provide customers with total solutions and life-cycle costs for sustainable value and thus manufacturers are now under a tremendous pressure to improve their responsiveness and efficiency in terms of product development, operations, and resource utilization with a transparent visibility of production. With an emerging application of internet and tether-free communication technologies, the impact of e-intelligence is forcing companies to shift their manufacturing operations from the traditional factory-integration philosophy to an efactory and other wise called e-manufacturing philosophy. In the current work an attempt is made to evaluate the criteria to be considered and methods for the selection of Internet Service Providers (ISPs) in the context of emanufacturing, because firm's environments affect the decisions; the researchers and managers of firms should see the need to evaluate the fitness of ISPs selection criteria and methods when applied to newly created enterprises of emanufacturing.
Since internet based businesses have grown rapidly 1995, selection criteria is changed with a great deal, Manuscript received January 17, 2011; revised March 12, 2011. corresponding to the business environmental changes. Thus to meet requirements of e-manufacturing, ISPs criteria evaluation and selection method, Multi Criteria Decision Models(MCDM) have been reviewed and in spite of many MCDM models, TOPSIS method is being a popular approach was widely used in the literature for vendor selection. Differing from earlier research, current research proposes an Interdependency Criteria Clusters and QFD in Hierarchical fuzzy TOPSIS for evaluation of ISPs for emanufacturing firm using Phi-fuzzy membership function to address the uncertainty in ISPs selection process for newly evolved firms like E-manufacturing firms. Nevertheless the proposed approach has not been applied to the ISPs selection problem yet. Finding the issues of emanufacturing through the available literature, this research reveals the e-manufacturing characteristics and capabilities compared to traditional manufacturing and the issue of prioritization ISPs in the conjunction with e-manufacturing with a new framework.
A. E-Manufacturing System
E-Manufacturing is a transformation system that enables the manufacturing operations to achieve predictive nearzero-downtime performance as well as to synchronize with the business systems through the use of web-enabled and tether-free (i.e., wireless, web, etc.) infotronics technologies. It integrates information and decision-making among data flow (of machine/process level), information flow (of factory and supply system level), and cash flow (of business system level) and hence e-Manufacturing is a business strategy as well as a core competency for companies to compete in today's e-business environment. It is aimed to complete integration of all the elements of a business including suppliers, customer service network, manufacturing enterprise, and plant floor assets with connectivity and intelligence brought by the web-enabled and tether-free technologies and intelligent computing to meet the demands of e-business/e-commerce practices that gained great acceptance and momentum over the last decade. Also, e-Manufacturing is a transformation system that enables e-Business systems to meet the increasing demands through tightly coupled supply chain management (SCM), enterprise resource planning (ERP), and customer relation management (CRM) systems as well as environmental and labor regulations and awareness. Thus e-Manufacturing allows geographically separated manufacturers to build partnerships so as to embrace external resources and services without owning them. Though web technology seems to promise in early explorations, most of the presently developed e-manufacturing systems are still prototypes for studying the feasibility and potential of web technologies in advanced manufacturing, where every aspect becomes a vital part, more particularly suppliers, and participates into the enterprise-wide profit process. As, emanufacturing is different from traditional manufacturing by its characteristics, the criteria to be considered as well as the supplier selection methods are to be reviewed. It is found in the literature that no researcher pointed out the issue of supplier selection criteria and methodology in the context of e-manufacturing. As e-manufacturing is rapidly developing arena for the past decade, and to cope up to the issues pertaining to e-manufacturing criteria and supplier evaluation methods, an attempt is made in the current research.
B. Supplier Selection-Criteria
Traditionally organizations have been divided in operative functions such as production, planning, purchasing, marketing etc., in which supply chain is a strategy that integrates these functions, and also involved in manufacturing of a product from the procurement of raw materials to the distribution of final products to the clients. Over the years the significance of supplier selection has been long recognized and emphasized; also one of the important purchasing decisions is selection and maintenance of a competent group of suppliers. In supplier selection decisions two issues are of particular significance. One is what criteria should be used and other, what methods can be used to compare suppliers. It is pointed out that supplier selection decisions were complicated by the fact that various criteria that must be considered and meanwhile, different approaches could be employed to make the selection.
The criteria Delivery, Quality, Cost/Price, Financial position, and Communication & technology were recognized as the commonly used criteria, which are facts, confirmed from empirical results as well as in previous literature. However other criteria such as ISO certification, Reliability, Credibility, Good references and Product development were also identified. These criteria had existed before but did not receive the same attention in previous studies. This show that focus is shifting from solely relying on quantitative factors to include qualitative criteria. Thus it infers that the criteria are to be reviewed in view of emanufacturing philosophy Many authors have identified several criteria for supplier selection since 1996 as criteria are a key issue in supplier assessment process since it measures the performance of supplier. It is to be noticed that, earlier scholars have paid attention towards criteria for supplier selection more particularly, for a traditional manufacturing firms. However, as it is believed that e-manufacturing is different from traditional manufacturing by its characteristics & capabilities and selection of suppliers as well as criteria preferences to be considered must vary. Also, there is no evidence that the earlier researchers have pointed out the issues related to the criteria and supplier selection methods in conjunction with e-manufacturing because, different situations require the use of different models and criteria for supplier selection.
II. PREVIOUS RESEARCH
As the proposal of identifying the issue of supplier selection criteria and methods in conjunction with emanufacturing is a notion, and unique, the literature available is very limited under this heading and the review of literature is presented in the following sections.
• Evolution of E-manufacturing philosophy and observations. • Supplier selection criteria & Supplier selection methods and observations.
III. E-MANUFACTURING SYSTEMS
E-manufacturing as a term was introduced some years ago by semiconductor industry, enabling to handle large production quantities in different locations. Due to globalization, nowadays individual and small-batch production oriented tooling companies' need web-based simple manufacturing, planning and monitoring systems Kaia Lõun et.al (2009) . As e-manufacturing is supported by information technology it has got the capability in multi-site management and it will improve the competitive capability of manufacturing in the global competition Wang, LD (2007) . E-manufacturing includes providing real-time visibility and collaborative engineering Nof, S. Y (2006), Cheng, K. et.al (2008) . Today, even with the best implemented lean manufacturing practices, many companies still face the following problems, which are all interrelated to each other and are Defect parts, High downtime, High energy utilization and cost, Long changeover and ramp up time, long lead time for new product realization, and Slow decision making. Realizing the merits of the Web technology in manufacturing over traditional approach, researchers and developers have been actively exploring and developing Web-based design and manufacturing systems Subhash Chandra Bose P. et al- (2007) . Dick (2004) wrote JAVA technology powering eManufacturing, and reported that 'Emation' is an industrial automation provider that leverages Internet technologies to connect a wide range of manufacturing verticals to Webbased systems. Pande (2006) presented product design and manufacturing activities have become "costumer centric rather than manufacturer driven". Karina Rodriguez et.al (2007) have said that the companies have adopted a geographically distributed working approach in order to remain competitive in a global market. Shyamal M Tanna (2008) stated that the better management of stores and inventory at the organizations is by employing the best practices of managing the inventory and tracking the item movements in the manufacturing units. Sridhar CNV et.al (2010) Said that the manufacturers as well as users will benefit from the increased equipment and process reliability with the e-manufacturing strategies as well as seamless integration with supply chains and clients, and leads to achieve high-velocity, high-impact on manufacturing performance. Thus after implementation of e-manufacturing principles the required time for mould manufacturing was reduced by 35.6% in 2006 compared to 2004, and the time required for designing a mould was reduced by approximately 40% Lee, S et.al (2008) . It is observed that the attributes to e-manufacturing are collaborative virtual networks, mass customization, transparency, speed, agility, global orientation. Lead times must cut short to their extreme extent to meet the changing demands of global customers. It is also to be noticed that the criteria for supplier selection must vary based on the changing scenario of manufacturing such as Digital manufacturing, Agile manufacturing, e-manufacturing, and this is an issue need to pay attention. In the vendor managed inventory system crucial delays and recognizing that there are problems causing loss of sales was a critical factor where suppliers' network is to be reviewed.
IV. ISPS SELECTION
The vast majority of the publications have been written in the context of selecting a supplier for the purchase of a product to be used in a manufacturing environment. From a point of view of reflecting purchasing significance in sectors other than manufacturing, e.g. service industry, it would be worthwhile to investigate and illustrate the specific of using decision methods in supplier selection in those areas as well (Aissaoui et al., 2007; De Boer et al., 2001 ). The major difference between parts and services purchasing is that services cannot be 'stored' and so there are no inventory costs associated with service purchasing (Aissaoui et al., 2007) . Degraeve and Roodhooft (2000) proposed an effective methodology to the service sector in developing an airline selection model for the procurement of business travel. Oliveira and Lourenço (2002) discussed the problem of selecting suppliers for the construction of pipeline networks for gas distribution. They developed a multi-source and multiperiod model that allocated construction orders to a pool of pre-qualified set of suppliers. Degraeve et al. (2004) used the concept of a total cost of ownership to select airlines for a major company. They developed a large complex mixed integer program that accounts for several airline fare discounting schemed. Klundert, Kuipers, Spieksma, and Winkels (2005) reported on a model for selecting international telecommunication carriers for a major telecommunication service provider. They accounted for volume discounts and showed that a special case of their model results in a min-cost flow model. Bottani and Rizzi (2006) presented a multiattribute approach for the selection and ranking of the most suitable 3PL service provider. To our knowledge, no supplier selection model for ISP selection and evaluation has been published. In addition Maria Jose et.al (2009), reported that, in the last few years, there has been an increasing growth in the number of collaborative partnerships between suppliers and manufacturers as a means to meet more complex customer needs and remain competitive. Then the suppliers have been classified into suitable suppliers and unsuitable suppliers, from the viewpoint of the firm Arpan Kumar Kar, (2009). Weber et al. (1991) wrote, "In today's competitive environment it is impossible to successfully produce low cost, high quality products without satisfactory vendors.
Supplier selection, the process of finding the right suppliers who are able to provide the buyer with the right quality products and/or services at the right price, at the right time and in the right quantities, is one of the most critical activities for establishing an effective supply chain. Giuseppe et.al (2009) reported that the supplier selection problem consists of analyzing and measuring the performance of a set of suppliers in order to rank and select them for improving the competitiveness of the whole supply system. Many conflicting factors should be taken into account in the analysis, both qualitative and quantitative and a key role is played by the supplier evaluation process (Saen, 2007) . In most of the proposals, triangular fuzzy numbers are used as a pair-wise comparison scale for deriving the priorities of different criteria and attributes. In general, the combination between AHP and optimization methods is utilized to deal with the order allocation problem. Bayazit (2006) 
Ha and Krishnan (2008) applied an integrated approach in an auto parts manufacturing company for supplier selection. Kull and Talluri (2008) utilized an integrated AHP-GP approach to evaluate and select suppliers with respect to risk factors and product life cycle considerations. However, the researches and applications in recent years are: applied analytical hierarchy process (Kokangul et Thus the supplier selection is a multi-criteria problem that includes both qualitative and quantitative criteria. In order to select the best suppliers it is crucial to make a tradeoff between these tangible and intangible criteria, some of which may be contradictory. Since mathematical programming is geared towards the constraints in the problem, it is much easier than other approaches to work with a large number of constraints.
In all the attempts to create criteria suitable for the evaluation of ISPs, no particular mention was made as regards a set of criteria that could be used in the supplier selection process in conjunction with the new manufacturing philosophy e-manufacturing. Thus this gap created impetus to this research.
V. CHARACTERISTICS OF E-MANUFACTURING
From the overview of the e-manufacturing and its capabilities, specific characteristics have been drawn in order to levy the criteria for suppliers' selection in conjunction with e-manufacturing philosophy, because different situations require the use of different criteria with different preferences for suppliers' selection and the Characteristics in brief are:
• E-manufacturing is to achieve predictive nearzero-downtime performance through the use of web-enabled technologies.
• The real-time production information should be made available to the entire organization.
• E-manufacturing gives agility to react quickly to the changes in market, technology, and clients.
• Total asset management that aims in improving the utilization of plant floor assets using a holistic approach.
• Sensitive communication between the clients and the server is carried over Transport Layer Security, thereby ensuring confidentiality.
• Transparent, seamless, information exchange process between clients and manufacturing firm.
• It enables to meet the increasing demands through tightly coupled supply chains.
• Status of equipments, orders, products, changes in the processes across the enterprise can be monitored.
• There should not be any block holes in the real time flow of information, including outsourcing suppliers, customers etc,.
• The entire system is flexible enough to change with the varying market demand conditions in a short lead-time. Hence, from the above mentioned few specific characteristics it is felt that the criteria preferences are reviewed in conjunction with e-manufacturing for prioritization of suppliers.
VI. RESEARCH METHOD

A. Criteria clusters
Clustering is concerned with grouping of objects or elements (Criteria) into homogeneous clusters (groups) based on the object features or interdependency. The Interdependencies among the criteria may have an effect in the decision making process of selecting suppliers for a given firm. The current research tried to identify the existence of interdependencies and formation into clusters. The Strategic Sourcing Group (SSG) of the firm involved in evaluating the criteria clusters using the following three step procedure.
Step 1: Determining the pair wise relation:
Several sets of pair wise relations are needed to make by decision making experts (SSG Team) where decision makers are asked to make the pair wise relations typically using interdependency five point scale and dependency of one criteria with another is determined in terms of numerical value and an example is shown in the Table I 
Step 2: Quantifying the cluster blocks:
In order to present the comprehensive framework for the criteria clusters formation further quantifying pair wise relations by considering only top half of the M×M matrices and is shown in Table 1 .
Step 3: Formation of Clusters:
In the third step the Equation (1) is used to determine which block of the M×M interdependency matrix is qualified to represent interdependency. Q = √N ÷ 2
(1) Q = Interdependency index N =Total score attained from interdependency scale by the decision makers. If Q is ≥ 4.2 the block is qualified to form into cluster with respective criteria and If Q is ≤ 4.2 the block is not qualified to form into a cluster.
The value 4.2 is square root of the number of decision makers and in the current research the number of decision makers is 18. Thus from the above three steps, a set of pair wise comparisons between interdependent criteria is conducted in the form of questionnaire and thus identifying these interdependencies the respective clusters have been formed. Clusters C 1 {Web Accessibility (A) Speed (S) Web Hosting (W) } C 2 {Responsiveness (R) Security (S) } C 3 {Extra Services (E)
Reliability ( In the current research the QFD model is composed to take into account both qualitative and quantitative criteria in supplier selection process and thus based on interdependency clusters the Framework of the current research model with QFD and Criteria clusters is shown in the Figure. 1. Hence with an aid of the framework for the current research, a numerical interpretation can be made with e-manufacturing firm to evaluate ISPs a Phi-fuzzy membership function.
VII. METHODOLOGY:PRIORITIZATION OF SUPPLIERS
Decision making or prioritization problem is the process of finding the best option from all of the feasible alternative suppliers. In almost all such problems the multiplicity of criteria for judging the alternatives is pervasive.
A. Bell-shape fuzzy membership function
Fuzzy set theory is based on the extension of the classical definition of a set. In a classical set theory, each element of universe either belongs to a set or not, where as in fuzzy set theory an element belongs to a set within a degree of certain membership. Membership functions of fuzzy need not be symmetric and typical so-called bell-shaped membership function, which captures conception of a large number in the context of each particular application. Even though there are situations in which non-linear membership functions are more suitable, most practitioners' have found that triangular and trapezoidal membership functions are sufficient for developing an approximate solutions for the problems they wish to solve but differentiable or non-linear membership functions have certain advantages in evaluating more exact solutions rather than approximate solutions, an attempt is made with a Phi-membership function in the current research shown in the Figure. 2. The behavior of Bell-shaped membership function used currently in the research is drawn and defined by the mathematical Equation (2)(George J. Klir-2002 ) and using the program code written in MATLAB 9.0.
1 Otherwise where r denotes the real number for which the membership grade is required to be one and p is parameter that determines the rate at which, for each x, the function decreases with the increasing difference (r-x). Thus the scale formed is shown in the Table II and Table  III is used for criteria weighting. Each linguistic variable is defined by eleven fuzzy numbers as the Bell-shaped curve is a non linear. The range of each fuzzy linguistic variable is also given for a given scale range between 0 and 1.
B. Proposed Methodology with Hierarchical Fuzzy TOPSIS Algorithm
TOPSIS method is a Technique for Order Preference by Similarity to Ideal Solution, one of the known classical Multi Criteria Decision Making (MCDM) methods. It is based upon the concept that the chosen alternative should have the shortest distance from Positive Ideal Solution (PIS). The PIS solution is a solution that maximizes the benefit criteria and minimizes the cost criteria, whereas the Negative Ideal Solution (NIS) also called anti-ideal solution, which maximizes the cost criteria and minimizes the benefit criteria. The so-called benefit criteria are those for maximization, while the cost criteria are those for minimization. The best alternative is the one, which is the closest to the ideal solution and farthest from the negative ideal solution. However the classical TOPSIS methods do not have a hierarchical structure and the only method that considers the hierarchy between criteria and sub-criteria is AHP and Hierarchical fuzzy TOPSIS is developed by Mohammad Taghi T (2008) and the same algorithm is used in the current research but differs in the usage of membership function. In addition interdependency Criteria clusters are used. The following steps have been used to implement the Hierarchical fuzzy TOPSIS. Step 1: Identification of Criteria Choosing proper criteria for supplier selection is the prior step i.e., Evaluation of Criteria for ISPs selection in conjunction with e-manufacturing characteristics and capabilities.
Step 2: Calculation of Weights of Criteria While calculating weights of criteria, assume that wĩ the weight of i th criteria in clusters and wĩ j is the weight of j th sub-criteria of its associated criteria. Final weight of each sub-criterion is calculated separately, by multiplying these two kinds of weights as shown in Equation 3 where k =1, 2... m and m is the number of all sub-criteria. Wk = wĩ * wĩ j (3) As in the current research Bell-shaped membership function is used the fuzzy weights are shown in Equation ( 4) wĩ = (α 1j , a 2j …………., a 11j ) and a 2j … a 11j ) (α´1 i, a´2 i ……., a´1 1i ) = (α 1 i α´1 j, a 2i a´2 j ,……, a 11i a´1 1j ) (4) Step 3: Computation of Final Score Calculation of final score for prioritization of suppliers consists of the decision makers to evaluate potential suppliers based on fuzzy TOPSIS method and defined clustered criteria. First a decision matrix, D, of dimension n*m is defined where x ij is rating of supplier A i ( i = 1,2,...., n ) with considering sub-criteria C j ( j 1,2,..., m) . Then x ij is a fuzzy number presented by a Bell-shaped linguistic number.
i.e., x ij = (aij , b ij … z 11 )
Step 4: Normalization In order to make an easy procedure similar to Saghafian et.al (2005) , all fuzzy numbers in this model are defined in close interval [0,1] so the normalized decision matrix is obtained directly. The weighted n o r ma liz e d f u z z y decision matrix is calculated by using Equation 6
V ij = xij * Wk (11) Hence all the suppliers are ranked in a descending order. The larger the index value, the better the performance of the supplier and the next section deals with the implementation part.
The final step includes calculating Closeness coefficients (Cc i ) by using the Equation (11) . The closeness coefficient for alternatives to be considered; the best among alternatives is selected.
VIII. SENSITIVE ANALYSIS
The TOPSIS method had implemented against all the three models (Phi, triangular fuzzy sets).Thereby extracting the best ISPs based on the closeness coefficient values. Moreover the significance levels for each model with respect to other model are' also found out by CORRELATION method which implies the phi-curve values and triangular (with clusters) value is more significant pair and the proposed method seems to be valid as shown in Table IV . 
IX. CONCLUSIONS
The present paper explains the extraction of best supplier for an organization in the context of e-manufacturing. So far the attempts had made on TRIANGULAR and TRAPEZOIDAL method but this research made an attempt on Phi-FUZZY method, which reduces the vagueness to further extent.
